Abstract: Sexually transmitted infections (STIs) have become one of the major public health threats to the sustainable development of human beings. Among all of the STIs in China, three are listed as the notifiable infectious diseases, i.e., gonorrhea, syphilis, and HIV/AIDS, which demand more attention. This study aims to detect, describe, and compare the spatial-temporal clustering of these notifiable STIs in China and to relate spatial analysis results to epidemiologic trends during the past decade. A descriptive epidemiology analysis and a spatial autocorrelation analysis (global and local) are adopted to study the epidemiologic trends and spatial changing patterns of STIs respectively. The results indicated that there were regional disparities and spatial clusters in the spatial distribution of notifiable STIs in China. However, the incidence rates of the three notifiable STIs displayed relatively different characteristics in epidemiologic trends and the agglomeration level. Overall, the Yangtze River Delta region, the southwestern border area, and some other border regions are the places demanding more attention. In the end, we propose a three-dimensional prevention and control strategy, which focuses on not only the most-at-risk populations, but also the most-at-risk areas and most-at-risk timings. Besides, some measures targeting more than one STI should also be formulated.
Introduction
Sexually transmitted infections (STIs), which are also referred to as venereal diseases, have been public health threats for centuries due to their high morbidity and mortality in both highand low-income countries. Economically, STIs impose a heavy burden on the health expenditure of both households and national health systems around the world. The physical and psychological consequences resulting from STIs are also associated with the worsening conditions of individuals' well-being [1] . Due to the malignant sexual, reproductive, and newborn health consequences, STIs impede sustainable human development in the 21st century.
As the biggest developing country in the world, China has been suffering from the epidemics of STIs for a long time. Among more than 30 STIs that can be infected or acquired predominantly through sexual contact, three are linked to the high incidence of illness and are therefore listed as the notifiable infectious diseases, which are highlighted in the Law of the People's Republic of China on the Prevention and Treatment of Infectious Diseases [2] . Of the three notifiable sexually transmitted infections, two are classical STIs and currently curable, namely syphilis and gonorrhea, and one is human immunodeficiency virus (HIV)/AIDS that is incurable but susceptible to mitigation through treatment [3] . It is important to note that there are still other routes of transmission (blood, mother-to-child) of HIV/AIDS, but its reports, and reexamination, the data for all of the notifiable infectious diseases are summarized by the national Center for Diseases Control and Prevention (CDC).
We obtained the year-end incidence data of the three notifiable STIs in mainland China during 2005 and 2015 from China's Health and Family Planning Statistical Yearbook (it is also referred to as China's Health Statistical Yearbook before the merge of National Population and Family Planning Commission and National Health Ministry in 2013). Please see the Supplementary Material Tables S1-S3 for the incidence data in each provincial unit during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Its relevant population data was obtained from the National Bureau of Statistics (NBS). The data were collected at the provincial level in Mainland China, excluding Hong Kong and Macao. Please see the Supplementary Material Figure S1 for the Chinese administrative divisions and their names.
Descriptive Epidemiology Analysis
Epidemiology analysis includes the temporal trends of STIs incidence rates across the nation and also in each provincial unit. Incidence rates are expressed as the number of new cases per 100,000 population in each year. This study uses the box plots to illustrate the temporal trends of the incidence rates and also the differences between provincial units. To better demonstrate the trends of incidence of notifiable STIs, the observation time is divided into two equal periods (2005) (2006) (2007) (2008) (2009) (2010) (2010) (2011) (2012) (2013) (2014) (2015) . The growth rates of the incidence rates in each sub-period were calculated. The subsequent spatial studies also focus on these three time points (2005, 2010 , and 2015).
Spatial Autocorrelation Analysis
Spatial autocorrelation analysis is often employed to investigate the geographical relationship of the research targets in a number of continuous geographical units. Figure 1 is an illustration of spatial autocorrelation, in which each square represents a geographical unit and the color stands for the incidence of notifiable STIs in the provincial units in China. The darker the color, the higher the incidence rate. The figure on the left reflects the pattern of random distribution. The one in the middle reveals a positive spatial autocorrelation, which implies the clustering of similar values. It indicates either the clustering of provincial units with high incidence rates of STIs, or low incidence rates, i.e., high-high clustering pattern or low-low clustering pattern. However, if a provincial unit with a high incidence rate is surrounded by units with low ones, or vice versa, it indicates a negative spatial autocorrelation, as shown in the figure on the right. Material Tables  S1-S3 for the incidence data in each provincial unit during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Its relevant population data was obtained from the National Bureau of Statistics (NBS). The data were collected at the provincial level in Mainland China, excluding Hong Kong and Macao. Please see the Supplementary Material Figure S1 for the Chinese administrative divisions and their names.
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Spatial Autocorrelation Analysis
Spatial autocorrelation analysis is often employed to investigate the geographical relationship of the research targets in a number of continuous geographical units. Figure 1 is an illustration of spatial autocorrelation, in which each square represents a geographical unit and the color stands for the incidence of notifiable STIs in the provincial units in China. The darker the color, the higher the incidence rate. The figure on the left reflects the pattern of random distribution. The one in the middle reveals a positive spatial autocorrelation, which implies the clustering of similar values. It indicates either the clustering of provincial units with high incidence rates of STIs, or low incidence rates, i.e., high-high clustering pattern or low-low clustering pattern. However, if a provincial unit with a high incidence rate is surrounded by units with low ones, or vice versa, it indicates a negative spatial autocorrelation, as shown in the figure on the right. Drawing data across a time span of 10 years, this study attempts to delineate the time-geography of STIs in China. Among all of the indicators for spatial autocorrelation, Moran's I is one of the universally adopted indicators to explore the spatial distribution of infectious diseases and has been widely used in other studies [17] [18] [19] [20] [21] [22] [23] . Specifically, the global and local Moran's I are both employed in this study to examine the geographical distribution patterns of STIs. They both illustrate to what extent, similar and discrepant values of geographic units are clustered in the research area. Drawing data across a time span of 10 years, this study attempts to delineate the time-geography of STIs in China. Among all of the indicators for spatial autocorrelation, Moran's I is one of the universally adopted indicators to explore the spatial distribution of infectious diseases and has been widely used in other studies [17] [18] [19] [20] [21] [22] [23] . Specifically, the global and local Moran's I are both employed 
Spatial Weight Matrix
Before conducting the autocorrelation analysis, a spatial weight matrix, which contains the geographical information of observation units, needs to be established. Whether two geographical units border with each other or not is taken as the standard of spatial weight measurement. If provincial unit i and j border with each other, then the value of W ij is 1; if not, then the value will be 0. Although separated by a narrow strait, we still consider Hainan and Guangdong as bordering provinces, as the population exchange and mobility of the two provinces are massive. As there are 31 provincial units in total, the 31 × 31 spatial weight matrix has been established as follows. In addition, because each provincial unit may have a different number of neighbors, we have row-standardized the matrix. 
2.3.2. Global Moran's I Global Moran's I drops between the realm from −1 to 1. Approaching 0 means a more random distribution of the high/low values (the incidence rate of STIs). If approaching 1, it signifies that there is a clear concentration of similar values (provincial units of high STIs incidence with high ones or units of low incidence rates with low ones), while a number approaching −1 represents a concentration of different values. Formula (2) explains how the global Moran's I is calculated, x i and x j stand for the incidence rates of the three notifiable STIs in provincial units i and j, whereas x is the mean value. W ij , which has been explained in the previous section, is the spatial weight matrix.
2.3.3. Local Moran's I Local Moran's I is used to indicate the spatial autocorrelation of each principal units with the surrounding units. It is also understood as "Local indicator of spatial association", which is shortened as LISA [24] . Formula (3) shows the calculation process of local Moran's I.
As the indicator only focuses on one certain unit and its bordering region, the sum of j will be limited to the adjacent units of i. m 0 is a constant across all of the provincial units. It is consistent and is used to estimate the variance. In like vein, the value of local Moran's I is also a number from −1 to 1 and the value can be explained exactly in the same way as that of the global Moran's I. The function of local Moran's I lies in the detection of spatial clusters, which helps to reveal the spatial-temporal changing patterns of STIs across the past 10 years [25] .
Corresponding Mapping Tools
This study provides three kinds of maps: hierarchical maps, univariate LISA cluster maps, and clustering frequency maps. In order to create a hierarchical map, data of the incidence rates of notifiable STIs in the 31 provinces were classified into four classes (better, good, bad, worse) by the method of natural breaks, which shows the minimum differences between the incidence rates of three STIs in the same group and the maximum difference across groups [26] . After that, the data was loaded into China's administrative division vector diagram with a provincial boundary.
The map, which highlights the areas with significant local Moran's I, is known as a univariate LISA cluster map. Based on the incidence rates (value size) and local Moran's I (positive or negative), the cluster areas are divided into four types of clustering patterns, namely, high-high (HH), high-low (HL), low-low (LL), and low-high (LH) clusters. The threshold level of significance is 0.05. It is ordinary that in most spatial autocorrelation analysis, only some of the geographical units can reach the significant level.
Clustering frequency map is a sum of all of the clustering patterns of three STIs across all of the provincial units in China at 2005, 2010, and 2015, respectively, which serves as a direct visualization of the clustering patterns of notifiable STIs in China.
Softwares
The global Moran's I and local Moran's I values were measured using software GeoDa (Version 1.8.61, GitHub, San Francisco, CA, USA). Hierarchical maps, univariate LISA cluster maps, and cluster frequency maps were developed with ArcGIS (Version 10.0, Redlands, CA, USA). Figure 2 visualizes such trends in box plots annually. Many details can be concluded from Table 1 . HIV experienced a dramatic increase in terms of the incidence rate from 2005 to 2010, and the trend continued and rocketed up further in some provinces in the second half period. For example, the incidence rate in Sichuan was 0.11 (Unit: 1/100,000, the same below) in 2005, a comparatively moderate figure across all the provincial units. However, the epidemic shot up in the subsequent 5 years, increasing by 1664% and this trend continued with a substantial growth rate of 392% from 2010 to 2015. The final incidence rate was 9.55 in Sichuan after the boom of HIV epidemic and this figure ranked high among all of the provincial units in China.
Results

Epidemiological Trends
It should be highlighted that this trend was not incidental but a general trend throughout China. The only exception was Henan, which went through a downward trend (−33%) of HIV incidence in the first five years. The incidence rate of HIV in Henan was the highest in 2005 (2.35), and its number was 3.26 in 2015, a very moderate growth rate in China. Equally noticeable is that some provincial units were originally not so outstanding in terms of the incidence rates of HIV. However, with a constant and substantial increase in the 2-successive period, the incidence rates in Guangxi and Yunnan finally reached 13.25 and 12.31 in 2015, ranking as the top two among all the provincial units. Their original figures were 1.85 and 0.72. They were the only two provinces whose incidence rates were higher than 10. Although the incidence rates in some provincial units remained low in the end, say, Neimenggu (0.83) and Hebei (0.92), it is obvious that almost all of them experienced a considerable growth.
The black line in Figure 2 indicates the median value of STIs incidence across the provinces and it signifies the continued growing trend of HIV/AIDS in the past decade. The box plots diagram also indicates that the maximum reported number in one provincial unit went up before 2012 and then decreased gradually thereafter. The situation for gonorrhea showed a reversed picture. It can be summarized from Figure 2 that the maximum number of reported cases in one province dropped until 2012, and then stayed at a stable level. There is no obvious increase in the median value of all Sustainability 2017, 9, 1784 6 of 16 the provincial units across the past decade. Table 1 suggests that the provincial units went through a decrease in the incidence rate of gonorrhea in the first five years, with Beijing achieving the biggest decrease of −67%. Its incidence rate constantly dropped from 26.93 to 8.83, and finally to 5.14 in 2015. Shanghai had the highest incident rate of gonorrhea in 2005, whose figure was 70.62. It finally plummeted to 29.82, with an increase rate of −60% and 6% in the two time breaks. This was still the highest incidence rate in 2015 and it was closely followed by the bordering province Zhejiang, whose incidence rate was 29.41. A majority of the provincial units continued the downward trend in the second five years. However, it should be noted that the incidence in Hainan suddenly jumped up with an increase of 96%, reaching a standard even higher than 2005. It was rarely seen throughout the country. As to Syphilis, its incidence rate constantly grew in most of the provincial units in the past 10 years, with Xizang having the most rapid growth (903% for the first five years and 341% for the second). Its incidence rate started from 0.76 in 2005 and ended up with 33.57 in 2015. Although the growth rate was rather outstanding, its incidence rate was not among the top group. The provincial unit with the highest incidence rate of syphilis in 2015 was Xinjiang, whose figure was 107.51, rising from 10.08 in 2005. The provincial units with the lowest incidence rate after a 10-year growth were Hebei (13.05), Shandong (15.00), and Henan (17.04) in 2015. It should also be noticed that the epidemic had been continued to grow in the second five years, although the growth rate is not as high as that of HIV. The box plots draw a similar picture, with the median value of reported cases in all provincial units going up substantially. Table 2 shows the global spatial autocorrelation of STIs and their test results. For HIV/AIDS and syphilis, the test reaches the significance threshold for most of the years and as to gonorrhea, the data from all of the selected years are significant. In general, the global Moran's I for HIV/AIDS increased throughout the past 10 years from around 0.0293 to about 0.3402, suggesting a stronger spatial autocorrelation and an increasing geographical unevenness in its epidemiologic trends. The value of Moran's I implies a clear tendency in spatial autocorrelation as compared with other research of infectious diseases. Regarding gonorrhea, after experiencing a slight decrease in its global Moran's I, its degree of spatial autocorrelation increased moderately and finally reached around 0.47 in 2015. Table 2 shows the global spatial autocorrelation of STIs and their test results. For HIV/AIDS and syphilis, the test reaches the significance threshold for most of the years and as to gonorrhea, the data from all of the selected years are significant. In general, the global Moran's I for HIV/AIDS increased throughout the past 10 years from around 0.0293 to about 0.3402, suggesting a stronger spatial autocorrelation and an increasing geographical unevenness in its epidemiologic trends. The value This value is extremely high, indicating that imperative measures is needed to control the epidemic in certain hot-spot geographical units. The spatial autocorrelation of syphilis had been turning less significant in the past ten years. Its global Moran's I went down from 0.3789 to 0.1099, implying that the geographical unevenness of the disease is less obvious than it used to be. Figure 3 illustrates the hierarchy maps of the incidence rate of HIV and its univariate LISA cluster maps. From the hierarchy map, it can be concluded that although the general incidence rate of HIV/AIDS increased, the middle provincial units were no longer the most plagued provinces of HIV. However, the situation in the southwest provinces deteriorated dramatically from 2010 to 2015, with the provinces reporting the highest level of incidence of HIV/AIDS expanded from Guangxi, to the adjacent provincial units of Yunnan, Sichuan, and Chongqing. The LISA maps demonstrate a more direct and appalling trend of the epidemics of HIV/AIDS. In 2005, only LL clustering pattern was found in the northeast provinces of Neimenggu, Heilongjiang, Jilin, and Liaoning. Nevertheless, the LL clustering pattern shrank in 2010 with two HL pattern appearing (Xinjiang and Henan). What is worse, Yunnan and Guangxi showed a HH clustering pattern as well. In 2015, such HH regions further stretched to bordering provinces of Guizhou and Hunan, indicating the spreading trend of the disease. At the same time, the LL pattern was detected as well in a large territory of the middle and north provinces including Henan, Hebei, Jilin, Liaoning, and Neimenggu.
Global Spatial Autocorrelation
Local Spatial Autocorrelation
The epidemic trend of gonorrhea was the other way around. Figure 4 is the hierarchy and LISA cluster maps of gonorrhea. The incidence rate of gonorrhea in the past ten years was comparatively stable. The highest incidence rate has always been in Shanghai, and Zhejiang. The epidemic was also serious in the coastal provinces such as Jiangsu, Fujian, Guangdong, and Guangxi in southern and eastern China. Most of the middle, western, and northern provincial units had a lower incidence rate in the observation period. The LISA maps highlighted the hot spots and cold spots of gonorrhea, with the former always concentrating in the east coastal provincial units, namely, Jiangsu, Shanghai, Zhejiang, and Fujian. However, new hot spot regions gradually appeared as HL patterns emerged in Xinjiang, Beijing, and Neimenggu, gradually. The LL pattern was sporadically detected in some northern and middle provinces. 2015. In parallel, the LL clusters also reduced from many middle and northern provincial units to Henan, Shandong, Tianjin, and Beijing in 2015. The other two types of clustering were not significant for most of the time, except that in 2015, Ningxia revealed a LH clustering pattern. In general, the HH clusters of provincial units dropped significantly during the observation period. The hierarchy maps indicate that in 2005, the incidence of syphilis was mostly detected in the eastern coastal provinces, with Zhejiang and Shanghai ranking the highest, while the epidemic in most other provinces was less serious. Throughout the ensuing 10 years, the general incidence rate increased slightly in these provincial units, yet the overall infections in some other provinces grew much more rapidly, particularly in Xinjiang. New hot spots emerged during the decade. As to the LISA maps, the most noticeable characteristic is that the concentration of HH clusters of syphilis infection gradually shrank from Jiangsu, Shanghai, Zhejiang, and Fujian, and finally disappeared in 2015. In parallel, the LL clusters also reduced from many middle and northern provincial units to Henan, Shandong, Tianjin, and Beijing in 2015. The other two types of clustering were not significant for most of the time, except that in 2015, Ningxia revealed a LH clustering pattern. In general, the HH clusters of provincial units dropped significantly during the observation period. 
Frequency Summary of the Spatial-Temporal Clusters
Despite the relatively different epidemiologic trends and spatial changing patterns of three notifiable STIs, a spatial demonstration of STIs as a whole on the national scale is necessary due to their overlapping prevention and intervention approaches, as well as similar most-at-riskpopulations (MARPs). Figure 6 is the summary of all the high (including HH and HL) and low (LL and LH) distribution patterns of all three STIs. In general, Shanghai and Jiangsu were mostly plagued with STIs and they appeared over five times in HH or HL clustering patterns. They are particularly affected by syphilis and gonorrhea. Other hot spot regions include border provinces such as Guangxi, Yunnan, and Xinjiang, with the former two especially prominent in the incidence rate of HIV/AIDS. In contrast, many of the northern and middle provinces appeared in LL or LH distribution patterns several times. Sichuan, Henan, and Neimenggu appeared in LL or LH patterns over five times, followed by Liaoning and Shanxi (four times). Other provinces include Ningxia and Jilin (three times), Jiangxi, Chongqing, Hebei, and Beijing (two times). 
Despite the relatively different epidemiologic trends and spatial changing patterns of three notifiable STIs, a spatial demonstration of STIs as a whole on the national scale is necessary due to their overlapping prevention and intervention approaches, as well as similar most-at-risk-populations (MARPs). Figure 6 is the summary of all the high (including HH and HL) and low (LL and LH) distribution patterns of all three STIs. In general, Shanghai and Jiangsu were mostly plagued with STIs and they appeared over five times in HH or HL clustering patterns. They are particularly affected by syphilis and gonorrhea. Other hot spot regions include border provinces such as Guangxi, Yunnan, and Xinjiang, with the former two especially prominent in the incidence rate of HIV/AIDS. In contrast, many of the northern and middle provinces appeared in LL or LH distribution patterns several times. Sichuan, Henan, and Neimenggu appeared in LL or LH patterns over five times, followed by Liaoning and Shanxi (four times). Other provinces include Ningxia and Jilin (three times), Jiangxi, Chongqing, Hebei, and Beijing (two times). 
Discussion
In order to improve the knowledge of notifiable STIs prevention and control in China, the investigation of epidemiologic trends and spatial changing patterns are of vital importance. Nevertheless, existing studies paid little attention to the comparison of different STIs' spatial changing patterns and seldom related them to epidemiologic trends. The findings of this study, therefore, supplement previous studies and serve as references for policy makers to develop diseasecombined and region-oriented STI control and prevention strategies.
First of all, we would like to compare the epidemiologic trends and overall agglomeration level of the three notifiable STIs. As for the former, this study further extends the study of Zhang and Wilson [27] , who reviewed the trends in notifiable infectious diseases before 2010 and discovered the different epidemiologic trends in notifiable STIs. As reported previously, the nationwide incidence rate of HIV/AIDS increased dramatically during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , that of syphilis has also been growing but with a slower speed during the same time. In comparison, the incidence rate of gonorrhea dropped at first but remained stable in the second five years. However, the epidemiologic trends differ greatly between provincial units, thus resulting in the changes in agglomeration level and clustering areas. The results of global Moran's I indicate that the incidence rate of all the notifiable STIs tended to aggregate at the provincial level. The significant global Moran's I of gonorrhea, syphilis, and HIV/AIDS at most observation time points meet our expectations as the spatial cluster feature is an inherent attribute of the infectious diseases. It is also consistent with other studies on the STIs [15, 16] . However, the trends of global Moran's I reflect the diverse spatial distribution characteristics of notifiable STIs. The rapid increase in the incidence of HIV/AIDS is accompanied by the swift growth of its global Moran's I, indicating the ever increasing unevenness and deteriorating conditions in the geography of HIV/AIDS epidemics (certain regions are more plagued with the disease and it has been expanding to surrounding regions). In comparison, the agglomeration level of syphilis decreased during the whole period, with its global Moran's I reducing from 0.3789 in 2005 to 0.1099 in 2015. It is worth mentioning that the global Moran's I of gonorrhea showed a slow growth despite the decreasing trend of its incidence. To conclude, the rapid increase of HIV/AIDS and syphilis incidence, as well as the stable incidence of gonorrhea, revealed the serious situation of STIs prevention and control confronting the Chinese health sector. The reasons can be twofold. First, higher levels of population mobility in contemporary China have significantly multiplied the possibility of STI transmission. This does not only involve the labor migration, but also the mobility of female sex workers [28] . Besides, the emergence of antimicrobial resistance in all bacterial STIs and the particular problem of resistant gonorrhea present a challenge to STIs prevention, control, and elimination [29] .
Secondly, the summary of the spatial cluster frequency provides important evidence for targeted prevention and control programs. The results of local spatial autocorrelation analysis, i.e., detection 
In order to improve the knowledge of notifiable STIs prevention and control in China, the investigation of epidemiologic trends and spatial changing patterns are of vital importance. Nevertheless, existing studies paid little attention to the comparison of different STIs' spatial changing patterns and seldom related them to epidemiologic trends. The findings of this study, therefore, supplement previous studies and serve as references for policy makers to develop disease-combined and region-oriented STI control and prevention strategies.
Secondly, the summary of the spatial cluster frequency provides important evidence for targeted prevention and control programs. The results of local spatial autocorrelation analysis, i.e., detection of spatial clusters, have confirmed the significant spatial variation in STIs epidemic at the provincial level and specified two priority areas: south-western border area (Yunnan, Guangxi) and the Yangtze River Delta region (Zhejiang, Shanghai, Jiangsu). It means that the clusters of STIs have gone beyond the provincial level and exhibited a trend of regionalization. Among the three STIs, HIV/AIDS is particularly prominent in the former region, while gonorrhea and syphilis in the latter. In 2015, Yunnan and Guangxi were the only two provincial units whose incidence rate of HIV/AIDS exceeded 10/100,000. It is in he Yunnan province that the first case of HIV/AIDS was discovered in 1985 in China [10] . One of its underlying causes is probably the heroin trafficking route starting from the "Golden Triangle", which opens the door for HIV/AIDS transmission in China. There are a large number of injection-drug users in Yunnan and the illegal trade across the borders is rampant. In addition, the high mobility of a mass population might be accredited as the catalyst for the high incidence of HIV as well. The border provinces are insufficient in prevention measures, and therefore quite a number of the population are exposed to high-risk behaviors, namely, incorrect use of condoms, etc. [30] .
In comparison, the Yangtze River Delta region is the clustering area of both gonorrhea and syphilis. It is one of the three most integrated and dynamic city-regions in China, consisting of four provincial units, i.e., Anhui, Jiangsu, Zhejiang, and Shanghai. In addition to Shanghai, the core city, there are a number of regional center cities, such as Hangzhou and Nanjing. Other cities such as Wenzhou, Ningbo, Wuxi, and Suzhou are also highly developed. In 2005, the HH clustering areas of syphilis mostly overlapped with that of gonorrhea, while their differences lie in the spatial-temporal changing patterns. The HH cluster areas of gonorrhea have been expanding while the other one has been shrinking. The incidence rate of gonorrhea in Shanghai, Jiangsu, and Zhejiang showed a HH cluster feature and were significant at every time point, with Fujian also being significant in 2015. In comparison, the HH cluster feature of syphilis in the three provincial units shrank, and finally disappeared completely.
Last but not least, there are some interactions between the epidemiologic analysis and the spatial-temporal analysis. In effect, the changes of agglomeration level and spatial-temporal clusters result from the unbalanced growth of the incidence of STIs. Therefore, we would like to discuss the results with a combination of the epidemiologic trends and spatial analysis. Generally, the epidemiologic trends and global Moran's I make us better understand the STIs situation. When considered together, the growth rate of STIs incidence and the changes in Global Moran's I imply relatively different scenarios for each STI. For instance, a decreasing incidence and an increasing global Moran's I (gonorrhea) indicate the deteriorating situation in cluster areas; increasing incidence and decreasing global Moran's I (syphilis) indicate the gradually spreading of the epidemic and an increase in incidence rate in most provincial units. Specifically, the spatial-temporal cluster analysis of incidence rates also provides implications for the phases of the STIs epidemics in some provincial units from a geographical perspective. For instance, owing to the high incidence and high growth rates in Yunnan, the incidence rate of HIV/AIDS in the Sichuan province, its neighboring province, increased 1664% during 2005-2010, the biggest jump among all of the provincial units. In like vein, during 2010-2015, the incidence of gonorrhea in most provincial units declined, while the continuously increasing incidence in Jiangxi (2%), Shandong (39%), and Henan (48%) can be attributed their geographical proximity.
To date, STIs have become one of the major challenges faced by the Chinese health sector. However, it is not the first time that the Chinese government faces the STI challenge. Before the founding of the People's Republic of China, STIs were widespread, especially among the female sex workers in big cities [6] . Since the early 1950s, the Chinese government attacked STIs with massive treatment campaigns and structural measures, such as (1) the establishment of specialized agencies, (2) strikes on commercial sex, (3) reeducation camps for sex workers, and (4) increasing the availability of the diagnostic and treatment services [31] . Through 15-year efforts, STIs were officially reported eradicated in China by 1964. However, in the 1980s, STIs emerged again after China's reform and opening-up policy [14] .
Fortunately, the rapid development in screening technology brings great convenience for STI surveillance. Owing to China's family planning policy, testing after marriage has become regular, which enables the Center for Disease Control and Prevention to document the health conditions for married women. However, the testing for unmarried men and women is still insufficient. Without basic knowledge of STIs, many people are diagnosed STIs when they have serious symptoms. Since STIs are highly private and the cultural atmosphere in China is rather conservative, knowledge promotion of STIs is restricted to sex education in communities. Little publicity of STIs has been seen on social media and other new media. What is worse, rapid urbanization, the growing mobility of the population, and changes in sexual behaviors result in a great difficulty of STIs prevention and control. By far, the most important tool to assist the control of STIs is early diagnosis and treatment of those infected, and therefore current STI prevention and control measures mainly focus on MARPs, such as the drug users, female sex workers (FSWs), and Men who have sex with men (MSM) [11, 32] . Nevertheless, evidence from the epidemiologic trends and spatial changing patterns provide two new dimensions for targeted interventions, with its advantage lying in the detection of priority areas at a specific temporal-spatial spot for infectious diseases prevention and control. By means of the spatial-temporal data analysis, the government can not only focus on the MARPs, but also the most-at-risk areas (MARAs) and most-at-risk timings (MARTs). On the one hand, based on the spatial changing patterns of notifiable infectious diseases and the cluster frequency maps, southwest China, Yangtze River Delta region, some other border regions, and also their neighboring provincial units are the most-at-risk areas (MARAs), which should be the top priority areas for STIs prevention and control in China. In addition, the MARAs with more cluster frequency demand more attention and call for more disease-combined intervention programs. On the other hand, even though two geographical units may have similar incidence rates of STIs, they might be at totally different time points of the epidemiological trends, therefore the control and prevention measures should be tailored to the rising trend and epidemic season (MARTs) of epidemics.
With a limited scope and data availability, this study only targets STIs at the provincial level in China. However, the epidemiologic trends and spatial changing patterns of STIs are often across scales. Zooming into smaller scales, researchers may find more delicate distribution and clustering patterns of STIs, and therefore come up with more specific and solution-specific findings. Besides, the control and prevention of STIs require concerted efforts across scales. Covariates are also important for the analysis of the epidemiology of STIs, which is not the focus on this study. Hence, we call for future inter-scalar research on the distribution patterns and epidemiology trends of STIs.
Conclusions
China's national health would be in jeopardy without effective control of infectious diseases. However, the prevention and control of each kind of infectious diseases on such a large territory is never an easy task. In this retrospective study, the notifiable STIs exhibit various temporal-spatial distribution characteristics among the provinces of China. Syphilis and HIV/AIDS, especially the latter, displayed a strong upwards trend, indicating that it is time to tackle with STIs more seriously.
To address the outbreaks of STIs, collaboration across provincial boundaries should be initiated through effective institutional arrangements, such as collaborative policy design for regional-oriented prevention and control measures. First, we propose the regional preference for the prevention and control programs. For instance, free condom distribution should increase in these priority areas and epidemic seasons, sex/health education should be enhanced, particularly at targeted regions, and most at risk populations (for instance, college students and migrants). Second, the STIs prevention measures should not be limited to the existing programs. For instance, rational sex education course in compulsory education should be guaranteed and optimized. Besides, promotion on television, mobile phones, and the Internet should be mobilized to spread the knowledge on STIs prevention and control.
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